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Wednesday, February 29, 2012 615aalterations in the contractile function of different transmural regions of the
myocardium. Cardiac myocytes from endocardial, midmyocardial, and endo-
cardial regions of the left ventricular free wall were isolated from hearts of 6,
18, and 22-month-old female Fischer 344 rats (n = 2 at each age). Cells were
placed in a superfusion chamber controlled at 25oC and field stimulated at 0.5
Hz. Unloaded sarcomere shortening was measured in an average of 27 cells
per myocardial region per animal. In five of the six animals, significant dif-
ferences in relaxation (time from peak shortening to 50% re-lengthening,
tp50) were observed among cell subtypes (p < 0.05, ANOVA). Analysis of
collated data showed that tp50 was significantly affected by age, tending to
increase in older animals (p < 0.01, two-way ANOVA). Aging appeared
to have the greatest effect on relaxation of epicardial and midmyocardial
cells.
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We have previously demonstrated that substitution of ATP with 2 deoxy-
ATP (dATP) increased the magnitude and rate of force production at all ac-
tivating [Ca2þ] in demembranated cardiac muscle via increased crossbridge
binding and cycling rates. Furthermore, we demonstrated that cellular
[dATP] is increased by adenoviral-driven overexpression of the ribonucleo-
tide reductase (Rrm) complex, which increased contractility with no decre-
ment of relaxation in adult rat cardiomyocytes from normal or infarcted
hearts. In this study we hypothesized that in vivo overexpression of Rrm
would increase cardiac contractility. Elevated cardiac Rrm was accomplished
by 1) transgenic (Tg) overexpression in mice via the chicken beta-actin pro-
moter and 2) intravenous delivery of recombinant adeno-associated virus
(rAAV6) to drive Rrm production using a cardiac specific promoter
(cTnT455). Echocardiographic fractional shortening was significantly in-
creased in 3-month old Tg animals (43.5 5 1.4%) as compared to wild-
type (WT) littermates (34.5 5 2.2%), and this increase persisted at 6 months
of age (42.8 5 2.5% vs 28.8 5 2.7%). Similar increases in FS were seen in
rAAV6-Rrm transduced animals (43.0 5 2.1%) as compared to sham-
injected control animals (32.1 5 2.9%). LV pressure development (balloon
catheterization) was elevated in Tg-Rrm vs. WT Langendorff perfused
hearts, and concurrent NMR spectra indicated no difference in PCr:ATP ratio
during high workload challenge. Upregulation of Rrm was confirmed via
RT-PCR, western blot analysis, and immunohistochemistry. Preliminary
western blot results also suggest no difference in SERCA expression, but in-
creased Ser-16 phosphorylation of phospholamban, in Tg-Rrm vs WT hearts.
This may, in part, explain our previously reported acceleration of Ca2þ tran-
sient decay seen in Rrm-overexpressing cardiomyocytes in vitro. Overall,
these experiments demonstrate the feasibility of directly targeting the
actin-myosin crossbridge to enhance cardiac contractility without impairing
relaxation. HL65497, HL091368, AHA2310117.Platform: Membrane Active Peptides
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We introduce a new method for monitoring and quantitating the transport of
materials across a model cell membrane. As a proof-of-concept, the cell-
penetrating peptide, Pep-1, was used to carry horseradish peroxidase (HRP)
across droplet-interface bilayers (DIBs). Two sub-microliter, lipid-encased
aqueous droplets form a membrane at the contacting interface, through which
enzyme-peptide complexes pass during transport. Following transport, the
droplets are separated and the captured enzymes are assayed by a fluorogenic
reaction. The DIB method recapitulates the findings of earlier studies involving
Pep-1, including the dependence of protein transport on voltage and membrane
charge, while also contributing new insights. Specifically, we found that leaflet
charge symmetry may play a role in Pep-1-mediated protein translocation. Weanticipate that the DIB method may be useful for a variety of transport-based
studies.
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The first complete structure of a voltage-gated potassium channel gave rise to
a controversial model that, unexpectedly, placed the four cationic arginine res-
idues in the S4 segment of the voltage sensor domain in direct contact with
the membrane lipids. The S4 segment was hypothesized to move as much
as 20 A˚ across the membrane during channel gating, contradicting the expec-
tation that highly charged peptides will be excluded from membranes. To as-
sess whether the S4 sequence can insert into and move across a membrane
without being chaperoned by any other part of the protein, we tested the abil-
ity of an isolated S4 peptide to spontaneously translocate across synthetic lipid
vesicles. Translocation of S4 was compared to that of an arginine-containing
peptide that we recently selected from a combinatorial peptide library specif-
ically for its high translocation efficiency. Importantly, the arginines in the se-
lected peptide are present in the same sequence motif as the arginines in S4,
despite the unbiased nature of the library. While control peptides and polar
dyes were excluded, the S4 sequence translocated into multi-bilayer vesicles
with the same efficiency as the previously selected translocating peptide. The
membrane hydrocarbon is not an effective barrier to the transbilayer move-
ment of the highly charged S4 sequence. These results support the idea that
the S4 segment in the sensor domain of voltage gated potassium channels in-
teracts directly with the lipid bilayer and moves across the membrane during
channel gating without being chaperoned by other parts of the voltage sensor
domain.
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In vitro experiments have yielded the ‘code’ that the microsomal Sec61 trans-
locon machinery uses to decide if nascent chain segments are inserted into the
bilayer or translocated across it. Long-scale partitioning simulations can now
provide the transfer free energy for whole peptides in the absence of cellular
machinery. A direct comparison using a series of model peptides (L8X,
L4A4X) reveals both scales to be highly correlated (r2 = 0.91 w/o
X=Pro). This includes cationic sequences (X = R,K), which can insert via
snorkeling of the positively charged sidechains, explaining how the KvAP
S4 helix can insert. The predicted free-peptide insertion propensities are
shifted towards transmembrane (TM) insertion compared to the translocon
scale. This shift originates from the two distinct equilibria involved: Sec61
partitioning is between
the protein conduction
channel of the translo-
con and the bilayer,
with the entry of the
peptide into the translo-
con likely to be energet-
ically driven. In
contrast, the simulations
reveal a surface-to-TM
equilibrium. The shift
may indicate that the
translocon machinery only allows insertion of sequences that are sufficiently
stabilized so that they cannot spontaneously transition to the surface, a funda-
mental requirement for membrane protein stability.
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Interactions of antimicrobial peptides (AMP) with lipid bilayers and AMP
formed pores are extensively studied to understand their mechanism of action.
We focus on two AMPsMelittin andMagainin 2. Melittin is a well-documented
616a Wednesday, February 29, 2012AMP known to form toroidal pores, however questions exists about the ar-
rangement of the peptides in the pore and their secondary structure. In case
of Magainin 2, although one of the most studied AMP, even the existence of
the toroidal pore was recently questioned.
We present here a computational study that compares model pores formed by
Melittin and Magainin 2 to investigate the preference for the formation of a to-
roidal pore and the factors that favor this preference. Four pores with different
arrangement of peptides and different helicity are constructed for both Melit-
tin and Magainin 2: symmetric less-helical, asymmetric less-helical, symmet-
ric helical and asymmetric helical. Each pore has four peptides: if the
C-termini of all the four peptides are anchored to one of the lipid leaflets
the arrangement is asymmetric. If the C-termini are distributed evenly to
both leaflets the arrangement is symmetric. One set of pores was constructed
with the helical crystal structure of the peptides and the other with a less he-
lical structure. We observe that the pore containing four less-helical Melittins
in a symmetric arrangement is toroidal. A pore containing Magainin peptides,
although permitting the flow of water, does not produce bending of the lipid
head groups and hence is not toroidal. We propose that the difference in
charge distribution along the peptides Melittin and Magainin 2 can explain
our observation.
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Membrane active peptides represent a class of potent peptides that disrupt cell
membranes, penetrate through them or form transmembrane pores via mecha-
nisms that are not well understood. Understanding how these simple peptides
induce such a large diversity of processes will provide insights into the
function of antimicrobial peptides (AMPs) and related families such as fusion
peptides. Here, we present a combined biophysical and molecular-dynamics
study on the interaction of an AMP,
BPC194:c(KKLKKFKKLQ), with model
membranes and correlate to in vivo obser-
vations. Our results showed that the pep-
tide partitions to the membranes, folds at
the interface and subsequently penetrates
deeper opening a stable pore (~2 nm in di-
ameter) characterized by MD, electrophys-
iology and confocal microscopy.
Furthermore, FRET and cryo-EM experi-
ments showed that the peptide is also
able to cause membrane fusion. The ob-
served growth inhibition and the rupturing of the E. coli outer and inner mem-
brane at the onset of killing suggests that several processes take place at the
cell envelope along with poration. On the basis of in vitro and in vivo data
and MD simulations, we show for the first time how an AMP operates by
‘‘multi-hit’’ action.
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Solid-state 19F-NMR structure analysis of membrane-bound peptides is rou-
tinely feasible now in macroscopically oriented samples. For many long amphi-
philic a-helices, their membrane-induced folding, re-alignment and insertion
into the lipid bilayer has been characterized as a series of consecutive steps, ul-
timately leading to pore-formation across the membrane. More recently, how-
ever, we have examined various short peptides that are not long enough to spanthe lipid bilayer, and whose biological action cannot be explained in terms of
classical models of oligomeric pore formation. For example, the 13-aa antimi-
crobial peptide Temporin A from frog skin, as well as the 11-aa antimicrobial
and cell penetrating sequence of BP100, are found to insert as a-helices with an
oblique tilt angle into membranes over a wide range of conditions. In this align-
ment the height of the backbone matches only the width of a single monolayer.
Based on this structural knowledge and on fluorescence studies with lipid ves-
icles, and further supported by all-atom MD simulations, we postulate a novel
proton shuttling mechanism for Temporin A, similar to the decoupler molecule
CCCP. BP100, on the other hand, appears to be tautly suspended inbetween the
polar bilayer surfaces of DMPC model membranes via snorkeling lysine resi-
dues, and the same unusual structure is observed by 19F-NMR even in native
bacterial membranes.
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A leading hypothesis for the attrition of insulin-producing beta-cells in type 2
diabetes attributes the cause to islet amyloid polypeptide (IAPP) for its del-
eterious effects on the cell membranes. This idea has initiated extensive in-
vestigations on human IAPP (hIAPP) and its interactions with lipid bilayers.
However, it is still difficult to correlate its modes of interactions with its ef-
fects on islet cells in culture, which indeed induce cell death. HIAPP fibrils
demonstrably interact with lipids and damage lipid bilayers, but appear to
have no effect on islet cells in culture. Thus a modified amyloid hypothesis
assumes that the toxicity is caused by hIAPP oligomers which are not pre-
amyloid fibrils or protofibrils. But so far such oligomers have not been iso-
lated or identified. HIAPP monomers also bind to lipid bilayers, but the
mode of interaction is not clear. Here we performed two types of experi-
ments that have not been done before. First we used X-ray diffraction, in
conjunction with CD measurement, to reveal the location of the peptide
bound in a lipid bilayer. We then observed the effects of hIAPP, either in
its fibril form or in its monomeric form, on giant unilamellar vesicles. The
results show that the peptide binds to the headgroup-chain interface only
in its alpha-helical form. Once the peptides transform to beta-aggregates,
the latter come out of the interfacial binding region and bind or attach to
the surface of lipid bilayers. The process of hIAPP transforming from the
bound alpha-helices to beta-aggregates extracts lipid molecules to become
part of the aggregation. We believe that this process also creates defects
in the lipid bilayer that allow transmembrane ion conduction as a possible
damage to cell membranes.
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A current hypothesis for Alzheimer’s disease (AD) proposes that increased
levels of amyloid-beta (Ab) peptides induce uncontrolled, neurotoxic ion
flux across cellular membranes. The resulting dysregulation of ion homeo-
stasis, in particular calcium ions, has been associated with neuronal degen-
eration and eventual death and may thus contribute to cognitive impairment
typical for AD. Ab-dependent ionic dysregulation may occur by direct
membrane permeabilization; or via Ab binding to cell membrane receptors
with subsequent opening of existing ion channels or transporters; or via
a combination of both mechanisms. Typically receptor binding interactions
are stereo-specific. Here we have taken advantage of this feature and used
it to interrogate the mechanism(s) of amyloid toxicity by comparing
whether the all D-amino acids Ab(1-42)behaves like the natural all
L-Ab(1-42). Using planar lipid bilayer (PLB) electrophysiological record-
ings, cell toxicity assays and molecular dynamics (MD) simulations, we
present evidence showing that: the D-Ab isomer exhibits a bilayer behavior
